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DEVELOPMENT OF THE SOLID WASTE RESOURCE
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Earl M. Wells
Engineer
Union Electric Company
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ABSTRACT

PROCESSING FACILITIES

This paper describes the waste processing and
boiler feed facilities which serve as the prototype
for Union Electric Company's proposed Solid Waste
Utilization System for recycling essentially all the
solid waste generated in the metropolitan St. Louis
area. The recently announced system, capable of
proce-sing up to 8,000 tons of raw refuse per day and
estimated to cost $70 million, will be built and op
erated without government subsidy. Solid waste will
be processed for the recovery of recyclible noncombustibles and use as a supplementary fuel to elec
tric utility boilers.

The City of St. Louis is responsible for proc
essing the solid waste and transporting the conbustible fraction to the Meramec Plant. The City facil
ity is designed to process the raw refuse at the rate
of 45 tons per hour or 300 tons for an 8-hour shift.
The one shift operation of the City plant will supply
supplementary fuel for replacement of 10% of the coal
requirement of the Meramec boiler for 24 hours.
The hammermill is a horizontal shaft mill powered
by a direct-connected 1,250 hp, 900 r/min. motor.
The mill grate has openings of 2k inches by 3k inches,
but most milled particles are less than 1% inches in
size. The milled material will vary greatly in den
sity depending on moisture and the degree of com
paction, from a low of 4 lbs/ft3 to a high of 12
lbs/ft3.

INTRODUCTION
Since April of 1972 the City of St. Louis,
Mi ssouri and Union Electric Company have participated
in a test program to determine the suitability of
burning processed household refuse in an electric
utility boiler.

Figure 1 provides a schematic flow diagram of the
City processing facility.

The project designers planned to test the hy
pothesis that domestic solid waste, milled inexpen
sively to a small particle size, could serve as a
supplementary fuel for firing in a utility boiler.
Further, by replacing only a small percentage of the
total fuel fired, there would be little difference in
effect on the boiler than if 100 percent coal were
burned.

The milled refuse is conveyed to the air classi
fier metering and surge bin which provides a controlled
feed into the entrance of the air classifier. A cross
section of the classifier is shown in Figure 2. The
light burnable components of the milled refuse are
carried with the air flow and discharged through the
top of the classifier, while the heavy particles fall
out the bottom onto a conveyor belt. The heavies are
conveyed under a magnetic belt separator for removal
of magnetic metals. A 100 hp vertical "nuggetizing"
mill increases the density of the magnetics to about
65 lbs/ft3 . The dense nuggetized metal passes over
a magnetic drum for separation of any remaning non
magnetic metal.

The solid waste processing facility, which is
located adjacent to the South one of the two City
incinerators, has been jointly financed by the City
of St. Louis and the U. S. Environmental Projection
Agency. The processed refuse storage and boiler
firing facilities located at the Meramec Plant, which
is some 20 miles from the processing facility, have
been completely financed by Union Electric Company.

The magnetic metal is transported to the Granite
City Steel Company for use as scrap for charging blast
furnaces.

During the first year of operation the prototype
performed satisfactorily with the exception of the
milled solid waste mechanical handling systems.
Throughout this period only magnetic metals were
separated from the milled refuse prior to firing to
the boiler. Crushed glass or other solid nonmagnetic
particles were an occasional cause of jamming in the
feed mechanism supplying the material to the pneumatic
transport system. The quantity of noncombustibles
removed with the boiler bottom ash was excessive and
finally abrasive wear was evident at the pneumatic
transport piping bends and elbows. These problems
were identified soon after the initial operation.
Late in 1973 a mechanical air separator (air
classifier) was added to the processing plant fol
lowing the milling operation. The air classifier in
operation since mid-November 1973, has alleviated the
equipment jamning and bottom ash problems.

The heavy fraction remaining after removal of the
magnetics is currently being taken to landfill. How
ever, plans are underway to provide for separation of
the glass, organics, and nonferrous metals into sep
arate components.
The light fraction from the classifier is carried
by air to a cyclone separator and discharged to a
conveyor belt to the storage bin. Loading the storage
bin from the top and withdrawing from the bottom pro
vides for first in, first out scheduling. The material
withdrawn from the bin is compacted into conventional
75 yd3 , self-unloading transfer trailer trucks and
transported approximately 20 miles to the Meramec
Plant.
RECEIVING AND FIRING FACILITIES AT MERAMEC

The prototype has demonstrated that the designer's
basic hypotheses were valid. To date the material has
presented no insuperable operating problems at the
processing plant or in the utility boiler. The proc
essed solid waste, with a heat value of around 5,000
Btu/lb, has been a suitable supplementary boiler fuel.
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Union Electric Company is responsible for the
operation of the system starting with the surge bin
at the Meramec Plant. Figure 3 is a diagram of the
facilities at the power plant. The combustible por
tion of the solid waste is discharged from the trucks
into a live bottom receiving bin, and pneumatically

increased dust loadings are probable.

conveyed to the surge bin. The surge bin is equipped
with four sweep bucket trains and four drag chain un
loading conveyors which are built into troughs in the
bin floor.
The material is carried into four hoppers and fed
through rotary air locks into the four pneumatic feed
ers. Each feeder conveys the supplementary fuel through
a separate pipeline to a firing port in each corner of
the boiler furnace. These four pipelines are each
about 700 feet long. Air velocities are approximately
85 ft/s and the particle velocities, depending upon
their mass, are approximately 50 to 70 ft/s. Initial
pipeline pressures normally range from 1 to 3 psig.
Figure 4 is an illustration of the type boiler
used for the refuse burning. The two converted boil
ers were built by Combustion Engineering, Inc. Each
unit is tangentially-fired, with four pulverized coal
burners in each comer, and burns about 56.5 tons/h of
bituminous coal at a nominal rated load of 125 MU. The
furnace is about 28 feet by 38 feet in cross section,
with a total inside height of about 100 feet. At full
load, the quantity of refuse burned, equivalent in
heating value to 10 percent of the coal, is about 12.5
tons/h, or 300 tons/24-hour day.

Extensive analysis of water from the refuse ash
pond influent and effluent as compared to water from
a typical bottom ash pond shows no significant prob
lems.
The emission standards for refuse burning utility
boilers have not yet been established. It is hoped
that the regulatory authorities will recognize that,
while there may be an increase in point source emis
sions, a substantial net reduction in area pollution
will result.
SOLID WASTE UTILIZATION SYSTEM
On February 28, 1974, Union Electric Company
announced plans for the development of a Solid Waste
Utilization System capable of handling essentially
all of the solid waste generated in the metropolitan
St. Louis region. The system is scheduled for full
scale operation by mid 1977. Figure 5 presents a
schematic flow diagram of Union Electric's proposed
system.
Under the plan, Union Electric will establish
and operate five to seven strategically located
collection-transfer centers capable of handling a
total of 2.5 to 3.0 million tons of waste annually.
Refuse will be received from private and public
haulers at these centers and transferred to closed
containers for rail shipment to processing facilities
at the Company's Meramec and Labadie power plants.

The only modifications made to the furnace were
the refuse burning ports installed in each corner,
between the two middle tangential coal burners. The
solid waste is burned in suspension with the same flame
pattern as coal or gas. The nonburnable particles and
the particles too large to be fully consumed within the
time they are exposed in the furnace fall to the bottom
ash hopper and are dumped with the bottom ash.
With the prepared refuse firing at a constant rate,
combustion controls on the boiler automatically vary
the rate of firing the pulverized coal in order to
maintain the heat requirements of the boiler. If for
any reason the boiler trips suddenly, an electrical
interlock immediately stops the feeding of refuse.
It appears that firing rates equal to 10-20 per
cent of the total heat input to the boiler are prac
tical with the classified-milled solid waste. Since
the installation of the classifier about 8,000 tons of
processed refuse have been burned. Altogether since
April 1972 about 24,000 tons of supplementary fuel
have been delivered to the Meramec plant and fired.
There is no evidence of short-term corrosion of furnace
fire-side or convection section gas-side surfaces.
Long-term corrosion studies are still underway and
should be complete by October 1974.
ENVIRONMENTAL EFFECTS

Meramec Plant includes two 125 MW C.E. boilers;
a 270 MW Foster Wheeler front fired pulverized coal
boiler; and a 300 MW Foster Wheeler front fired pul
verized coal boiler. All four units will be equipped
to burn processed waste at a rate equal to 20% of the
units full load heat input.
Labadie Plant includes four 600 MW C.E,, tan
gentially fired pulverized coal fired steam-electric
generating units. All four units will be equipped to
burn processed waste. The two plants will provide an
aggregate refuse burning capability of twice that
generated in the area.
The raw waste, including household wastes, appli
ances, commercial wastes, demolition lumber, and se
lected industrial solid and liquid wastes will be
received at both power plants by rail. Two stages of
hammermilling will reduce the solid waste to a particle
size of one inch or smaller.
Following air classification, the burnable waste
fraction will be pneumatically transported to the
waste firing burners in the boiler furnaces. Redundancy
is designed into all stages of the process to insure
availability of waste processing facilities at all
times at each plant.

Comprehensive environmental testing by Union
Electric and the USEPA is now underway. To date there
are no indications of excessively adverse effects on
the environment.
Analyses of the milled, classified solid waste
are shown 1n Table I. The solid waste samples were
taken prior to loading into the transport truck. The
analyses include 182 samples taken from November 1973
to April 1974. Analysis techniques conformed insofar
as possible to standard American Society for Testing
Materials procedures for analyzing coal and coal ash.

The heavy fraction from the process air classi
fiers will be separated into organic, glass, magnetic,
and nonmagnetic metal fractions. The organics will be
returned to the hammermills for further size reduction
and to preclude the need to dispose of these materials
in landfill.

While the solid waste is low in sulfur and visual
observation of the stack has shown no dramatic increase
in the particle emissions, it must be recognized that
the ash content of the classified refuse is higher
than that of many coals and therefore incrementally

170

Composition of the waste to be received by the
system is difficult to predict. A rough estimate of
the waste composition is listed below:

The problem of refuse disposal and the attendant
air and water pollution and land degradation is now
superseded with the opportunity to develop the solid
waste resource for society's benefit by salvaging or
recycling scarce materials and conserving limited
natural resources.

Percent by Weight
Burnable
Glass
Magnetic metals
Nonmagnetic metals
Rock, gravel, etc.

80
10
8
1
1
Total
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ECONOMICS OF THE PROPOSED SYSTEM
The economic evaluation of the proposed Solid
Haste Utilization System is premised on the similar
processing of refuse as is done with the prototype,
but with an enlargement in scale and equipment, and
generally more efficient materials handling systems.

The following companies provided services and
major pieces of equipment for the prototype and
continue to cooperate in the development of this
process.

The critical factors in the economic evaluation
of the process are:
1)

Federal, state, and local regulation of
solid waste landfills.

2)

Stack emission, fuel, and waste water
discharge.

3)

Cost of transport of solid waste from the
point of origin through processing and to
the boiler.

4)

Cost of alternate, environmentally acceptable
methods of solid waste utilization and dis
posal .

5)

Dumping fees at collection centers.

6)

Value of recovered materials such as magnetic
and nonmagnetic metals.

7)

Cost of fuel.

For the City of St. Louis:
Hammermill--Gruendler Crusher & Pulverizer Co.;
Conveyors--Continental Conveyor Co.; Vibrating con
veyors— Stephens-Adamson Division, Borg Warner Corp.;
Storage bin, St. Louis— Miller-Hoft Corp.; Stationary
packer and transfer trucks— Heil Corp.; Pneumatic
transport equipment and air classification equipment
— Rader Pneumatics Inc.; Magnetic metal "Nuggetizer"
--Eidal Corporation.

Capital investments, revenues, expenses, depre
ciation schedules and taxes must be forecast for each
year. The annual net cash flows are determined.
Finally, the mathematics of rate-of-retum and net
present value analysis is applied to the after tax
annual net cash flow values. The project becomes ec
onomically attractive when the rate-of-return exceeds
the cost of capital, or the project is evaluated to
have a positive net present value.
Obviously, a number of estimates must be made be
fore determination of the various cash flows. One
such estimate, very critical to the analysis, is that
of the regulatory requirements. For example, unre
alistic emission standards, with the associated in
crease 1n capital investment, could cause the Solid
Haste Utilization System to be economically unfeasible.
Consequently, the management of Union Electric
has requested of the regulatory authorities that they
diligently strive for definitive standards for this
project. The spending of the substantial sum of money
needed to achieve the Solid Haste Utilization System
must await this promulgation. We are optimistic that
reasonable standards will be established.
CONCLUSION
The authors do not suggest the system described
in this paper to be the only practiced solution to the
solid waste problem. However, the fact that a Solid
Haste Utilization System can be economically attractive
is certainly a landmark of progress.
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For Union Electric Company:
Boilers--Combustion Engineering Inc.; Storage
bin— Atlas Systems Inc.; Pneumatic transport equip
ment— Rader Pneumatics Inc.; Refuse and refuse ash
analysis— Ralston Purina-Research 900.
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Table I
Air Classified Refuse Analyses
182 samples taken November 9, 1973 through April 15, 1974

As Received Basis
Moi sture

Ash

(%)

(7.)

Chlorides
<%)

Sulfur
(%)

NaCl
(%)

Btu/lb
(%)

Average

30.5

16.8

0.10

0.41

0.32

4,959

Max imum

66.3

31.3

0.28

0.94

0.55

7,593

Minimum

11.1

7.6

0.04

0.14

0.11

2,293

Air Classified Refuse Ash

(%)
Average

Maximum

Minimum

1.44
49.8
11.38
0.88
7.89
12.36
1.33
1.53
1.59
8.92
0.05
0.33
0.42
0.20

2.04
56.7
26.90
1.52
22.19
15.80
2.32
3.75
2.91
19.20
0.10
1.74
2.25
0.73

0.99
39.9
6.10
0.07
3.03
9.09
0.22
0.73
0.92

P2°5
Si02
Al20o
Ti02
Pe2® 3
CaO
MgO
so3
k 2o

Na20
Sn02
CuO
ZnO
PbO

Self-unloading

3.11

0.02
0.08
0.09
0.04
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SUPPLEMENTARY FUEL RECEIVING AND FIRING FACILITIES
Figure 3
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